Note that a SiN x film deposited under our high frequency recipe exhibits negligible hysteresis; a -25V shift is observed for either sweeping direction. However, SiN x deposited under our low frequency recipe showed a -2 volt shift, from -18.5V when sweeping from zero to negative values (0V to -40V) to -20.5V when sweeping in the opposite direction. It is well known that fixed charges, as well as mobile charges, influence flatband shifts and hysteresis. Since these wafers were prepared and pre-cleaned using the industry standard RCA cleaning process, we can neglect mobile charges, simplifying our calculations. The 2V hysteresis observed here may be attributed to charging and discharging of K centers, altered by the previously applied bias 1 .
There can also be a contribution to the flatband shift resulting from the formation of thin silicon or germanium oxynitride (SiO x N y or GeO x N y ) films at the interface 2 . In order to combat this, both samples were cleaned in HF for the same amount of time, placed in methanol and dried with N 2 immediately before loading into the PECVD chamber. The fixed charge density can be extracted using Eq. 1- 
Where Q i is the insulator charge, Q f is the fixed charge, Q m is the mobile charge, Q ot is the oxide trapped charge, and Q it is interface trap charge densities. A is the area, d is thickness, and ϵ o and ϵ r are the free space and relative permittivity, V fb is the flatband voltage, ∆ϕ ms is the metalsemiconductor work function difference (-0.213 V), and C i is the insulator capacitance, which 
C lf (the quasi-static capacitance) is measured at the minimum (64 pF for LF film shown by blue line) and C hf is the high frequency capacitance and is measured at the same voltage (30 pF for LF film). Likewise, for the HF-SiN x film we extracted 61 pF for C lf and 48 pF for C hf . Assuming no mobile charges or oxide trapped charges, we can simplify Eq. 1 to only reflect fixed charges and interface trapped charges, those that are of concern to us, and successively solve for fixed charge density. We arrive at the relation:
The resulting charge densities, as well as relative permittivity (a useful quantity when determining the capacitance at a variety of bilayer thicknesses and ratio), are summarized in To visually grasp the electrostatic environment experienced by the neuron, we performed FEM modeling to generate the quasi-static electric field shown in Figure S2 . Note that the simulation assumed the microtube array was supported by an electrostatically neutral substrate in air at room temperature. The operation frequency was set at 1 Hz, which has a corresponding wavelength (3×10 8 meter), much larger than the tube dimension; the charged tube structure was treated as a conductor, in which trapped charges was modeled as current flow; and lumped sources were used to feed different power levels into each microtube. The value of each feed in power was set up in simulation according to the positive charge density extracted from C-V analysis. The charge density in the microtubes was calculated by summing the contribution from the HF-and LF-SiNx sublayers within the film. Therefore, by assuming charges were uniformly distributed on the surface at a constant density, a quasi-quantitative field distribution can be achieved. The microtube opening was set to 1 Watt feed-in power and the center point of sidewalls to 0.7 Watt feed-in power, reflecting the respective geometry. Plotted electric field is normalized to 1 Watt input power of center tubes. Using time varying input power to simulate the static charge distribution would inevitably introduce inaccuracy of the calculation of E field intensity, so the relative value is given here instead of absolute value just to show the field distribution pattern which is reliable and fit the experiment very well. To test if the SiN x thin film itself has any effect on cell growth without the 3D geometrical confinement provided by the tube structure, we cultured neurons on control samples that are made of planar SiN x film coated glass coverslips and compared with bare glass coverslips under the same initial seeding density. Primary neurons were used for this comparison. As shown in the fluorescent stain (Fig. S3a, b) and summarized in the Table in c), the cell density at 4DIV is much higher (nearly doubled) on the planar SiN x bilayer coated coverslip, compared to that on the normal coverslip. This suggests that the SiN x substrate provides better cell adhesion and is thus a more attractive substrate than glass for cell culturing. Since the initial seeding density was the same for the glass and SiN x substrates, and the cultures were performed simultaneously, it is possible that the variability in final cell count at 4DIV is a factor of fewer cells attaching to the glass coverslips at the initial time of seeding; therefore, the perceived increase in cell adhesion on the SiN x may just be a variable factor that will be corrected as the sample size increases. In order to truly determine whether survivability is similar between these two substrates, additional studies are underway. 
S4: Culture on parallel strips of SiNx films on a Si substrate
The preferential attachment to SiN x film observed above most likely is due to the electrostatic effect, since the SiN x film is positively charged as indicated by the CV analysis (Fig. S1 ).
However, since the mechanical stiffness of glass and SiN x differ, glass coverslips have Young's Moduli of 72.9 GPa whereas SiN x is approximately 170GPa, further experiments are needed. In Fig. S4 , we compare axon outgrowth on silicon (111) and SiN x thin film that have similar Young's Moduli (~170 GPa) but with vastly different surface charge properties. 10 nm thick of HF SiN x was deposited on a silicon (111) substrate and patterned into 8.4 µm wide stripes separated by 6.6 µm. SEM of this culture (Fig. S4) shows superior attachment to the SiN x strips, despite the similar Young's Modulus. The improved attachment to SiN x is obvious from the cell density on planar control samples (Fig S3c) , but the guidance seen in Fig. S4c is exceptional, maintaining trajectory over 100 µm. Note that the process is guided down the center of this 10 nm thick membrane, rather than at the step edge or within the trench. In further support, both lines and trenches were uniformly coated with PDL and should have the same base charge density, thus enhanced attachment must be driven by electrostatic properties intrinsic to the SiN x film. 
S7: Live cell recording of neuron outgrowth in microtubes.
Uniquely flexible fabrication of microtube arrays allow for the use of optically transparent glass coverslip as the supporting substrate. We conducted phase contrast live-cell imaging to capture long-term cell growth dynamics and axonal pathfinding in microtubes. Herein, two scenarios are exemplified in video S1. Video S1.a) presents a scenario in which the axonal growth cone follows the microtube array in a linear fashion, successfully growing through the tube opening.
The growth cone was guided by the tube until exiting at the other end, returning to the 2D planar substrate. Video S1 b) presents a scenario in which through-tube guidance was chosen after the neuron surveyed the surrounding microtubes. A growth cone first reached outer wall of the microtube (instead of microtube opening), slowly guided by the half-confined outer corner of tube. Once the neuron sent out another process that reached near tube opening, the previous process was retracted, extending a new branch to grow through microtube. In both scenarios, the growth cone displayed an increased outgrowth velocity inside the microtube as compared to outside of the tube region on the 2D planar substrate, especially immediately upon entry. The detailed analysis of outgrowth velocity and representative frames are illustrated in Fig. 2(b, c) .
a) b)
Video S1 | Live cell recording of neuron outgrowth on a substrate with a SiN x microtube array. a) A growing axon was guided by an array of microtubes in a linear fashion (from left to right). The entire pathfinding of the growth cone that enters, grows through, and exits a microtube was captured over the
